Very limited data is present which compares completely linear stapled to handsewn cervical esophagogastric anastomosis. Primary objective was to determine whether linearly stapled (LS) anastomosis has lower clinically apparent leaks, when compared to handsewn anastomosis (HS). Secondary objectives were morbidity, mortality, overall leak and stricture rates, and presence of a symptomatic cervical stricture. This is a comparative study of 77 patients who underwent LS (n = 29) and HS (n = 48) cervical anastomosis. Anastomotic leak was found to be 19.4% (15/77). In the HS group, 27.08% (13/48) and in the LS group, 6.89% (2/29), respectively, leaked (p = 0.03), relative risk (RR)-3.93 (95% CI 1.21-15.25). 32.5% (23/77) patients remained admitted for more than 14 days. 52.1% (25/48) patients in the HS group were discharged within 14 days of surgery; whereas; 93.1% (27/29) were discharged in LS group (p = 0.001), RR-6.95 (95% CI 2.13-25.94). Overall, 90-day mortality was 7.8% (6/77). In the HS group, 8.3% (4/48) patients died while in the LS group, 6.8% (2/29) patients died (p = 0.82), RR-1.21(95% CI 0.27-5.53). In the HS group, 6.25% (3/48) patients were diagnosed with stricture compared to 6.8% (2/29) patients in the LS group (p = 0.9), RR-0.91 (95% CI 0.19-4.44). Overall stricture rate was 6.4% (5/77). Cervical anastomosis done with linear staplers has less leak rates compared to handsewn anastomosis.
Introduction
Surgery along with neoadjuvant therapy remains the mainstay of treatment for localized middle-and lower-third esophageal cancers [1, 2] . One of the major factors which affects treatment outcomes remains anastomotic leaks, which have been reported to be between 15 and 25% [3] . Anastomotic leak, whether in the neck or thorax, is one of the major causes of postoperative morbidity [4] .
There is a paucity of published world literature comparing completely linear-stapled and handsewn cervical anastomoses, with only two retrospective studies that have focused on this aspect. End-to-end anastomosis versus end-to-side versus sideto-side, handsewn versus stapled versus hybrid * , anastomosis on anterior wall versus posterior wall of stomach, and their various combinations segregate the data leaving us with limited numbers in each subset for analysis. Therefore, deriving an unequivocal and meaningful conclusion as to the optimal technique that minimizes leak rates and morbidity remains elusive. It was this lack of robust evidence that inspired this retrospective analysis of our work, as a basis to know if the same warrants observation in a prospective controlled setting.
With the above background, we conducted this retrospective analysis of a prospectively maintained database from August 2012 to July 2016 with the aim to compare end-toside linearly stapled (LS) anastomosis versus end-to-side handsewn (HS) anastomosis in the neck.
Primary objective of the study was to determine whether linearly stapled (LS) cervical anastomosis have lower rates of clinically apparent anastomotic leaks following esophagogastric anastomosis after esophagectomy for cancer, when compared to handsewn anastomosis (HS).
Secondary objectives of the study were to study the morbidity, mortality, overall leak and stricture rates, and presence of a symptomatic cervical stricture.
*Posterior layer stapled, anterior layer handsewn.
Materials and Methods
This manuscript has been written in accordance with the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies [5] , with the details as follows.
We conducted an observational study retrospectively analyzing a prospectively maintained database from August 2012 to July 2016 that included 77 patients at two different centers: Banaras Hindu University, Varanasi, India, and JSS Hospital, Mysore, India, to compare leak rates of linearly stapled (LS) versus handsewn (HS) cervical anastomosis, both end-to-side, in esophagectomy done for cancer (Fig. 1) .
The study protocol conforms to the ethical guidelines of the BWorld Medical Association Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjectsâ dopted by the 18th WMA General Assembly, Helsinki, Finland, June 1964, and amended in Fortaleza, Brazil, 2013 [6] . The data was collected prospectively during routine clinical practice and accordingly, signed informed consent was taken from each patient before any surgical or clinical procedure. Waiver of consent was obtained from the ethical committee of respective institutions. Literature was searched using t h e s t r i n g ( e s o p h a g o g a s t r i c [ A l l F i e l Diagnostic workup and administration of neoadjuvant therapy was as per the in-keeping with international standards and evidence-based guidelines. We specifically compared two techniques of anastomosis which have been described below (Fig. 2) . a) LS anastomosis was done using two 55-mm-long linear cutters of 3.8-mm (blue) limb length in an end-to-side fashion on the anterior wall of stomach. b) HS anastomosis was done using single layer, simple interrupted stiches, using polyglactin 3-0, on the posterior wall of stomach in an end to side fashion. Anastomoses were done by consultant surgeons with prior experience in esophageal surgery. Postoperatively, patients were followed up clinically and any suspicion of leak was confirmed radiologically by CT scan. Morbidity and mortality: anastomotic leaks were classified as per components of definition of anastomotic leaks as described by Bruce et al. [7] (Table 1) . Morbidity was considered only when the patient remained admitted for more than 14 days or was readmitted. Minor morbidities which did not prolong hospital stay for more than 14 days were not considered. Mortality included all-cause death within 90 days of surgery. During long-term follow-up, patients with dysphagia who required therapeutic dilatation were considered to have a stricture. Asymptomatic patients were not investigated for stricture.
The data has been presented in mean ± standard deviation for quantitative variables normally distributed and student's t test has been used to find out significant difference between the mean values. Quantitative variables not normally distributed have been defined as median ± interquartile range (IQR) and Chi square test has been used as a test of significance. Qualitative variables have been presented in numbers and percentage and Z test/Fisher's exact probability tests have been used to calculate significant difference between the proportions as per suitability. p < 0.05 was considered significant. All p values were derived from two-tailed tests. 95% confidence intervals (CI) of the difference between the proportions and the relative risk (RR) with 95% confidence intervals to compare the two techniques for various outcome variables have also been presented. For calculation of relative risk, admission days being a continuous variable have been categorized into two groups, less than12 days and more than 12 days. Twelve is the median number of admission days for total number of cases.
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Results
From August 2012 to July 2016, 85 patients were explored-3 patients were inoperable due to metastases and local unresectability while in 5 patients, an intrathoracic anastomosis was performed during Ivor-Lewis/lower thoracoabdominal approach esophagectomy, leaving behind 77 esophagectomised patients with cervical anastomoses, either handsewn or linearly stapled, both in end-to-side fashion. Descriptive data has been provided below (Table 2) .
Anastomotic leak was found to be 19.4% (15/77). In the HS group, 13 out of 48 (27.08%), and in the LS group, 2 out of 29 (6.89%), respectively, leaked (p = 0.03, CI 0.51-36.24%). Eleven and 4 out of 15 leaks were grade clinical minor and major respectively according to components of definition of anastomotic leaks. Median duration of hospital stay after surgery was overall 12 days (10-15 days)-14 days (12-16 days) in the HS group and 10 days (9-11.75 days) in the LS group. Overall morbidity rates were 32.5%, i.e., 25 out of 77 patients were admitted for more than 14 days. Twnety-five out of 48 (52.1%) patients in the HS group were discharged within 14 days of surgery; whereas, 27 out of 29 (93.1%) were discharged in LS group (p = 0.001, CI 16.6-28.39%). Overall, 90-day mortality was 7.8% (6/77). In the HS group, 4 out of 48(8.3%) patients died secondary to anastomotic leak (3/4) and pulmonary complications (1/4), respectively, while in the LS group, 2 out of 29 (6.8%) patients died secondary to anastomotic leak (1/2) and pulmonary complications (1/2), respectively. The difference in 90-day mortality was not found to be significant between the HS and LS cohorts (p = 0.82, CI 16.77-15.21%). All four patients with grade III leak died. In the HS group, 3 out of 48 (6.25%) patients were diagnosed with stricture at 3 months compared to 2 out of 29 (6.8%) patients in the LS group (p = 0.9, CI 12.6-18.57%). Overall stricture rate at 3 months was 6.4% (5/77) ( Table 3) .
The RR of leak rates was 3.93 times higher in HS group as compared to LS with 95% CI 1.21-15.25. The median days of admission were 2.02 times higher with HS group compared to LS group, 95% CI 1.36-29.7. In the HS group, risk of morbidity was found 6.95 times higher than LS group having 95% CI 2.13-25.94 (Table 3) .
Discussion
A review of literature found only two retrospective studies [8, 9] which compared completely linear stapled anastomosis to handsewn anastomosis in the neck, while all other studies included the hybrid technique or use of circular stapler in the Bstapled anastomosis^cohort [10] [11] [12] [13] [14] [15] or included intrathoracic site of anastomosis [3, 16] , precluding comparison to our study. Singh et al. [9] studied 93 patients out of which 43 underwent handsewn anastomosis, 34 underwent stapled anastomosis, and remaining 16 had partially stapled hybrid anastomosis. Similar to our observation, they showed significantly reduced leak and stricture rates in the stapled group, i.e., 23 vs. 3% (p < 0.05) and 58 vs.18% (p < 0.05) respectively. However, one difference in their technique was that they did not form a stomach tube and pulled up a non-tubularised stomach in the neck.
In the review by Price et al. [8] , 164 patients out of 432 esophagectomies underwent cervical anastomoses -83 LS and 14 HS anastomosis while the remaining 67 had hybrid or partially stapled anastomosis. They also concluded increased odds for leak with handsewn anastomosis compared to fully stapled anastomosis i.e. 64.3% vs. 13.2% (p = 0.001). They noted a non-significant difference in stricture rates between HS and LS anastomoses (35.1 vs. 21.5%, p = 0.92), with the fully stapled cohort having a lower stricture rate.
Though our stricture rates do not parallel our leak rates, all our patients who developed strictures had clinical evidence of anastomotic leak in the perioperative period as seen in the two studies by Singh et al. [9] and Price et al. [8] .
Increased morbidity in HS group is clearly seen to reflect increased leak rates. All patients with anastomotic leak had hospital stay more than 14 days. Five out of 13 leaks in HS group had intrathoracic collection explaining the morbidity. All leaks were managed by drainage either in the neck or by CT-guided drain placement.
An interesting observation is the significant reduction in operative time in the stapled cohort as noted in the study by Saluja et al. [11] , where they used the partially stapled or hybrid technique where only one layer of the anastomosis is stapled. Though we performed a fully stapled anastomosis in our study, our data on duration of surgery was incomplete. A faster stapled anastomosis is fathomable; assuming the swiftness of the anastomosis may be another factor that improved Adeno adenocarcinoma, F female, M male, SCC squamous cell carcinoma, MIS mininally invasive surgery, THE transthoracic hiatal esophagectomy, TTE transthoracic esophagectomy Clinical minor Presence of luminal contents through the drain or wound site causing local inflammation, e.g., fever (temperature > 38°C) or leukocytosis (white cell count > 10,000/l). Leak may also be detected on imaging studies.
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Change in management and intervention required leak rates by reducing the exposure to anesthetic agents and intraoperative fluctuation of blood pressure. A stapled anastomosis also theoretically eliminates the margin of human error in surgical technique towards the fag end of long surgery. This may be a corollary from the observation that that transhiatal esophagectomy has a trend towards reduced leak rates compared to Mckeown's three-stage procedure, where the latter is found to have a comparatively prolonged duration of surgery. Another hypothesis for lower leaks rates historically in transhiatal esophagectomies may be that all transhiatal esophagectomies were performed for patients with lower-third and GE junction tumors requiring wider margins at the fundus resulting in a shorter tube formation and hence lower chances of fundal ischemia. We noted a 22.03% leak rate in the transthoracic group versus 11.1% in the transhiatal group; however, this difference was not statistically significant (p = 0.49, CI 15.73-26.85%).
In our series, all 77 anastomoses were performed by three surgeons adequately trained in esophageal surgery but there is literature to suggest that anastomosis performed by trainees and residents under supervision of senior surgeons have similar outcomes [17] . Also, stapled anastomosis does help in standardization of technique across continents which help in obtaining better research-oriented results as it reduces interpersonal bias.
Manometric studies [18] on the two techniques of anastomosis showed that the mean diameter of anastomosis in the handsewn group was 1.67 and 1.70 cm in patients with and without dysphagia respectively. These dimensions were 3.000 and 3.014 cm for the stapled group with and without dysphagia respectively. This observation does raise concern, if at all diameter of the anastomosis above a critical level plays a role in the clinical presentation of dysphagia and warrants further research.
As with all the retrospective studies, this study also has its limitations of numbers and study design. Firstly, data is not homogenous between the two cohorts, i.e., in the HS group, there is equal distribution of cases between the three types of surgeries performed in the group, i.e., 33% (16 of 48 patients) underwent transthoracic, minimally invasive, and transhiatal esophagectomy; whereas, in the LS group, majority of the surgeries performed were by minimally invasive techniques which is inherently known to have lower morbidity and hospital stay probably explaining the similar results in our studies.
Secondly, our incomplete data on factors such as blood loss, hemoglobin levels, serum albumin, pulmonary function tests (forced expiratory volume at 1 s) and comorbidities, which are known to affect the leak rates in esophageal cancer patients, precluded any possible regression analysis to know if the technique of stapling truly affected outcomes [19] . Tabatabai et al. [19] demonstrated serum albumin levels less than 3.5 g/dl as one of the significant factors leading to leak. Other factors found significant were FEV1 less than 2 l, increased blood loss during surgery, and pulmonary complications. Aminian et al. [20] demonstrated increased leak rates in patients with diabetes mellitus and hypertension.
Conclusion
In the light of above data, authors conclude that a total mechanical cervical anastomosis done with linear staplers has less leak rates compared to handsewn anastomosis. While all stricture patients do have clinical evidence of perioperative leak, vice versa does not hold true, i.e., all anastomotic leaks may not develop strictures.
As this is a retrospective study, a randomized control trial with adequate sample size is proposed to derive practice changing-results. 
